Background: Laparoscopic sleeve gastrectomy (LSG) is one of the most commonly performed bariatric procedures and has proven effective in providing weight loss. However, considerable variance has been noted in the degree of weight loss. Physician prescription practices may be negatively affecting weight loss post-LSG and, thus, contributing to the broad range of weight loss outcomes. The aim of our study was to determine whether commonly prescribed obesogenic medications negatively affect weight loss outcomes post-LSG. Subjects/methods: This single center retrospective cohort study performed at a University hospital included 323 patients (≥18 years) within the University California, San Diego Healthcare System who underwent LSG between 2007 and 2016. We identified a list of 32 commonly prescribed medications that have weight gain as a side effect. We compared the percent excess weight loss (%EWL) of patients divided into two groups based on post-LSG exposure to obesogenic medications. A linear regression model was used to analyze %EWL at 12 months post-LSG while controlling for age, initial body mass index (BMI), and use of leptogenic medications. Results: A total of 150 patients (Meds group) were prescribed obesogenic medications within the one-year post-LSG follow up period, whereas 173 patients (Control group) were not prescribed obesogenic medications. The Meds group lost significantly less weight compared to the Control group (%EWL ± SEM at 12 months 53.8 ± 2.4 n = 78, 65.0 ± 2.6, n = 84 respectively, P = 0.002). This difference could not be attributed to differences in age, gender, initial BMI, co-morbidities, or prescription of leptogenic medications between the two groups. Conclusions: The use of provider-prescribed obesogenic medications was associated with worse weight loss outcomes post-LSG. Closer scrutiny of patient medications may be necessary to help improve outcomes of weight loss treatments.
Introduction
Obesity, which affects more than a third of the US adult population and costs the US $147 billion annually, increases peri-operative and post-operative complications of virtually every surgical procedure [1] . Multiple systematic reviews show that many commonly prescribed medications can cause weight gain as an adverse effect and, hence, are obesogenic. These medications represent some of the most frequently prescribed medications in the US, leading some to conclude that prescription practices may contribute significantly to the obesity epidemic [2] . Obesogenic drugs are found among several drug classes, including beta-blockers, antidepressants, antipsychotics, anticonvulsants, antidiabetic medications, antihistamines, and hormones (Table 1) [3] [4] [5] . They exert their effects through several mechanisms that alter the regulation of body weight and contribute to weight gain [6] [7] [8] . The 2015 Endocrine Society Clinical Practice Guidelines and the 2013 AHA/ ACC/TOS Guideline for the Management of Overweight and Obesity in Adults emphasize the importance of avoiding the use of obesogenic medications when deciding on medication regimens for patients with obesity [7, 9] . However, these recommendations are based on expert recommendations since there is a paucity of data on the effect of obesogenic medications on weight loss outcomes, including those from bariatric surgery [10] .
Laparoscopic sleeve gastrectomy (LSG) is an effective treatment for obesity and is the most commonly performed bariatric procedure worldwide [11] [12] [13] . In the United States, LSG represents more than 50% of bariatric procedures performed [14] . On average, patients lose around 80% of their excess weight one year after the procedure [15] . However, there is considerable variability in weight loss outcomes compared to other bariatric procedures [16] . In recent prospective studies, only 47% of patients had more than 50% EWL loss three years post-LSG [17, 18] . It is not clear whether the prescription of obesogenic medications plays a role in this variability.
This retrospective study measures the impact of providerprescribed, common obesogenic medications on post-LSG weight loss outcomes. We found that obesogenic medications had a significant impact on weight loss, where patients reached the plateau of their weight loss much earlier and lost significantly less weight at one year compared to patients who were not prescribed such medications. Hence, obesogenic medications potentially play an important role in post-LSG weight loss outcomes.
Methods

Study design
This is a retrospective single-center cohort study of adult patients, 18 years and older, that underwent LSG within the University California San Diego (UCSD) Healthcare System. The study divides participants into two groups: Meds and Control. The Meds group includes patients who were prescribed one or more of 32 obesogenic medications (Table 1 ) at any point from the time of surgery to one-year post-LSG. The Control group includes patients who were not prescribed these medications within one year of LSG. At each timepoint, we assessed whether (a) the patient was on an obesogenic medication, and (b) the patient had received an obesogenic medication in any prior post-LSG timepoint. If the patient fulfilled one or both of these criteria, then they were placed in the Meds group (eFig. 1). Thus, unidirectional cross-over can occur from the Control group to the Meds group. However, a Meds patient can never cross-over and become a Control patient. This rigorous design would favor the null hypothesis. Reclassification of members of the Control group occurred only if a patient had an obesogenic medication added to their prescription drug regimen within one year of their LSG. For example, a patient with no exposure to obesogenic medications at 3-months and 6-months and exposure to an obesogenic medication at 9-months and 12-months would be considered part of the Control group at 3-months and 6-months and part of the Meds groups at 9-months and 12-months post-LSG. This study has been approved by UCSD IRB 131544. The effects of provider-prescribed obesogenic drugs on post-laparoscopic sleeve gastrectomy outcomes: a. . .
Study population
Inclusion criteria included those who underwent LSG between March 2007-March 2016. Our exclusion criteria is as follows: failure to return for any follow up visits post-LSG, prior bariatric surgery, presence of an active chronic medical condition such as cancer requiring chemotherapy, post-LSG major complications (e.g., abscess formation, requirement for additional procedures), and becoming pregnant within the 12-month post-operative period. Three patients in the Control group were prescribed weight loss medications (i.e., diethylpropion, orlistat, lorcaserin). Two of these patients were continuing prescriptions they held from before the surgery (and one discontinued taking the medication at the 3-month time point). The third patient only had taken an anti-obesity medication for less than a month prior to the 12-month time point. These patients were included in the study since there is little evidence that adjuvant weight loss medications after LSG is effective [19] , their post-operative outcomes were unlikely to be affected by these medications, and inclusion of the patient's weight loss data contributed to the null hypothesis. Exclusion of their data did not alter the study outcomes.
Study outcomes and data collected
The primary outcome of the study is percent excess weight loss (%EWL), a continuous variable based on an ideal BMI of 25, at 12 months post-LSG. We chose a continuous variable for our outcome measure since there is no agreed upon %EWL that would deem a procedure a "success" and any we choose would be arbitrary. Secondary outcomes include time exposed to obesogenic medications, the number of obesogenic medications prescribed, and the effects of specific medication classes (e.g., antipsychotics, anticonvulsants, etc.) on %EWL.
This study includes data collected from EPIC ® electronic medical records on baseline comorbidities, demographics, prescriptions for 32 obesogenic medications ( Table 1) and weight recorded pre-surgically and at three-month intervals during the first year post-LSG.
Provider-prescribed obesogenic medications are the primary exposure of this study ( Table 1) . Subcategories of exposure are full, partial, and none. Subjects with full exposure received an obesogenic medication at the time of the procedure and continuously throughout the following 12 months post-LSG. Subjects with partial exposure were either prescribed an obesogenic medication part way through the one-year timeframe or had an obesogenic medication discontinued at some point during the one-year period of interest. Subjects who were not prescribed obesogenic medications during the period of interest were considered to have no exposure (i.e., Control group).
We also collected data on prescriptions for leptogenic medications (i.e., metformin and bupropion) which are defined as drugs that can cause mild to modest weight loss when used chronically.
Statistical analysis
For the primary outcome analysis, a cross-sectional analysis was performed comparing %EWL between groups at each 3-month time point with a two-sample t-test. For our secondary outcome analysis, we used the same method when two groups are defined or ANOVA when more than two groups are defined. To characterize participant baseline characteristics and to check for potential confounders, we compared the basic characteristics of Meds vs. Control using Fisher's exact test and two-sample t-test for the categorical and the continuous variables, respectively. An adjusted linear regression model was used to remove potential confounders (i.e., age, leptogenic medication use) and the resulting adjusted P-values are used for our results. Normal Q-Q plots were used to confirm error normality and justify using linear regression and parametric tests for these analyses.
For each analysis, patients with missing information in the variable of interest were excluded. All statistical tests were two-sided and a P < 0.05 was considered statistically significant. For each analysis we report mean %EWL ± SEM. All analyses were performed using the latest version of R (3.3.2).
Results
Patient characteristics
After applying exclusion criteria, 323 out of 345 patients were included in this retrospective review (eFig. 2A). Over 40% (n = 150) of study participants had at least one provider-prescribed obesogenic medication within one-year post-LSG (Meds group) while the remaining 173 did not (Control group). While patients were similar in gender, ethnicity, and baseline comorbidities, the Meds group was older than the Control group (49.4 ± 0.9 vs. 43.7 ± 0.9, respectively, P < 0.001) and were more likely to have been prescribed a leptogenic medication (i.e., metformin or bupropion), compared to the Control group (36.7% vs. 13.9%, P < 0.001) ( Table 2 ). Age and leptogenic medication use did not influence weight loss outcomes in univariable analysis between our two conditions (eFig. 2B-C). Most patients in our Meds group had pre-LSG exposure to obesogenic medications (eFig. 2D). However, it should be noted that a small number of these patients received no obesogenic medication post-operatively and were thus part of the Control group. Likewise, some patients who were not exposed to obesogenic medication pre-LSG, ended up being on these meds post-operatively and were considered part of the Meds group.
Effects of obesogenic medications on excess weight loss
The Meds group had a lower %EWL post-LSG compared to the Control group (Fig. 1a ). Statistically significant differences in weight loss outcomes were noticeable as early as 3 months post-LSG (40.9 ± 1.37 %EWL for Meds, 43.9 ± 1.22 %EWL for Control, adjusted P = 0.042, Fig. 1a ). By 12 months post-LSG, the Meds group lost 11.2% less excess weight than the Control group (53.8 ± 2.41, 65.0 ± 2.61, adjusted P = 0.002, Fig. 1a ). The Control group continued to lose weight throughout the one-year period whereas the Meds group plateaued at 9 months post-LSG (Fig. 1a ).
The study assesses whether comorbidities were driving the observed difference in outcomes by using two sample t-tests to compare %EWL among each comorbidity group at 12 months post-LSG. We considered potential reverse causality related to comorbidities and obesogenic medication use, e.g., poor weight loss contributing to chronic back pain resulting in a prescription for gabapentin. Our comorbidity analysis suggest that this is unlikely to account for our observations. In addition, we considered the potential of comorbidity severity to impact weight loss outcomes. For example, the possibility that individuals with untreated depression or untreated hypertension may have milder forms and hence, may be biasing the results of the comorbidity analysis. However, among patients with untreated depression or hypertension, those exposed to obesogenic medications following LSG had worse weight loss outcomes than those without exposure to such medications (eTable 1 and 2). The number of patients with bipolar disorder (Meds: n = 4, Control n = 4) and epilepsy (Meds n = 2; Control n = 2) were insufficient to run a meaningful analysis and were excluded. However, the analyses for hypertension, diabetes, depression, anxiety, and dyslipidemia demonstrate that among people with these comorbidities, those prescribed obesogenic medications had worse weight loss outcomes post-LSG (Fig. 1b ). For example, among patients diagnosed with hypertension, those prescribed obesogenic medications (e.g., metoprolol) had significantly less weight loss by 12 months post-LSG (53.4 ± 3.1, 66.1 ± 3.6, respectively, adjusted P = 0.003). Among patients diagnosed with depression, those prescribed obesogenic medications (e.g., amitriptyline) had an average %EWL of 50.4 ± 3.7 whereas those in the Control group had an average %EWL of 67.5 ± 3.9 (adjusted P < 0.001). %EWL was significantly different for the Meds group compared to Control within each comorbidity group for which data were available (Fig. 1b ).
Effects of partial exposure to obesogenic medications
The Meds group was subcategorized based on the amount of time exposed to obesogenic medications (e.g., partial vs. full exposure). Patients who were exposed to obesogenic drugs for the full 12-month period post-LSG had worse outcomes compared to those only exposed for part of the one-year period and those in the Control group (53.0 ± 3.3, n = 49, 55.2 ± 3.5, n = 29, 65.0 ± 2.6, n = 84, respectively; adjusted P = 0.008; Fig. 2a ).
Dose effect of obesogenic medications
The Meds group was again subcategorized based on the number of obesogenic medications to determine whether there was a dose effect on %EWL. Patients prescribed three or more obesogenic medications had a %EWL at 12 months post-LSG of 41.6 ± 10.6 (n = 7), patients with two obesogenic medication prescriptions averaged 49.6 ± 6.2 (n = 14), and patients with only one obesogenic medication had 58.0 ± 3.1 (n = 37), (adjusted P = 0.032, Fig. 2b ). In a post-hoc analysis, those prescribed just one obesogenic medication did not have a significant difference in weight loss outcomes compared to Control participants; however, those who were prescribed two or more drugs did have significantly worse weight loss outcomes at 12 months postprocedure (Fig. 2b ).
Obesogenic medication class effects
We assessed whether particular obesogenic medication classes had more of an effect on weight loss outcomes than others. Patients prescribed anticonvulsants experienced an average %EWL of 48.8 ± 6.7 (n = 16) at 12 months compared to the Control group with an average %EWL of 65.0 ± 2.6 (n = 84) which was nearly significant (adjusted P = 0.053; Fig. 3a ). Patients prescribed beta-blockers had an average %EWL of 48.1 ± 2.8 (n = 37) at 6 months compared to controls with an average %EWL of 56.7 ± 1.9 (n = 128), adjusted P = 0.032. By 9 months after LSG, individuals prescribed beta-blockers had an %EWL of 50.3 ± 3.4 (n = 32) compared to the Control group with an average % EWL of 61.4 ± 2.4 (n = 100), adjusted P = 0.033. Finally, at one-year following LSG, individuals prescribed betablockers had an average %EWL of 51.0 ± 4.0 (n = 24) compared to the Control group with an average %EWL of 65.0% ± 2.6 (n = 84), which was nearly significant (adjusted P = 0.051; Fig. 3b ). The use of other obesogenic medication classes (antipsychotics, antidepressants/anxiolytic, antihistamines, antidiabetic, and chronic prednisone/ hormones) did not exhibit a significant effect on weight loss outcomes.
Discussion
In this retrospective cohort study of 323 patients undergoing LSG, patients prescribed obesogenic medications had an 11.2% difference in mean EWL compared to patients who were not exposed to such medications. Patients prescribed obesogenic medications reached their weight loss plateau much earlier, at nine months, whereas control participants were still losing weight a year after LSG. The data shows a consistent dose-response relationship between differing levels of exposure to obesogenic medications and weight loss. Patients prescribed three or more obesogenic medications lost the least amount of weight with a 23.3% difference compared to the Control group. This suggests that the more one is exposed to obesogenic medications, the less a Patients who were exposed to obesogenic medications continuously for 12 months post-LSG had worse weight loss outcomes compared to those who were exposed for < 12 months and those in the Control group. Error bars reflect SEM. b The more obesogenic medication a patient was prescribed, the worse the patient's weight loss outcomes. Please note that the sum of patients on obesogenic meds at 12 M (n = 58) is less than that of individuals in the overall 12 M obesogenic group (n = 78) because the latter includes individuals who had obesogenic medications discontinued at some interim point during the 1-year post-operative period. Error bars reflect SEM. *p < 0.05, **p < 0.01, ***P < 0.001 weight that person will lose with LSG. Remarkably, obesogenic medications blunt weight loss even in the setting of significant reprogramming of metabolic machinery and neurohumoral signaling that occurs with LSG. Furthermore, despite current recommendations stressing the importance of avoidingobesogenic medications in patients with obesity, 46% of patients undergoing LSG at our institution were prescribed obesogenic medications within one year after surgery. Although the effect of these obesogenic drugs on weight gain has been clear for some time, this study provides additional evidence that they may also influence weight loss outcomes. In addition, this study provides some support for guideline recommendations that warn against their use.
Alternative medications with weight neutral or leptogenic effects exist for many of the obesogenic medications used in this study [20] . The most common comorbidity within our patient population was hypertension (59.7%) and the most commonly prescribed obesogenic medications within our study population were beta-blockers (15.0%). Beta-blockers are one of the most commonly prescribed medications in the United States [21, 22] . In 2016, metoprolol was ranked the 5th most commonly dispensed prescription in the United States [23] . In our post-hoc analysis, the drug class that was most likely to be associated with poor weight loss outcomes was beta blockers. There are alternative, weight-neutral treatments for hypertension that can be substituted for beta-blockers, including calcium channel blockers, diuretics, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers, which are considered first line treatment [22, 24, 25] .
Obesogenic anticonvulsants, such as carbamazepine, pregabalin, gabapentin, and valproic acid are prescribed broadly for a number of conditions including seizure disorders, pain, migraines, and anxiety disorders [26] . In 2016, gabapentin was the 10th most commonly prescribed medication in the United States [23] and its use will likely increase as prescribing practices shift away from opiates for chronic pain management. A year after LSG, patients prescribed anticonvulsants experienced around 16.2% less excess weight loss compared to our Control group (Fig. 3a) .
In addition, anticonvulsants including phenytoin, topiramate, zonisamide, and levetiracetam have weight neutral or weight loss promoting profile. The most recent 2016 glycemic control guidelines recommend early use of leptogenic medications such as metformin, pramlintide, glucagon-like peptide 1 receptor agonists, etc., prior to known obesogenic medications such as sulfonylureas, insulin, and thiazolidinediones [27] [28] [29] . Interestingly, we did not see physician-prescribed obesogenic medications used to treat type 2 diabetes affect weight loss outcomes in this cohort, possibly because these medications are often quickly discontinued in the perioperative period.
Multiple studies show that some amount of weight regain is typical in post-bariatric surgery patients [16, 30, 31] . Given the likelihood of regain, initial weight lost from bariatric surgical interventions should be maximized to support long-term clinical outcomes and healthcare costs [32] . Our findings show that patients prescribed obesogenic medications not only lost less weight, but their weight loss plateaued at about 9 months post-LSG, whereas the Control group continued losing weight throughout, and likely after, the one-year period following LSG (Fig. 1a ). If obesogenic medications are contributing to slower and reduced weight loss post-LSG, then consideration should be given to replacing them with weight-neutral or leptogenic options when possible for patients being evaluated and prepared for bariatric surgery. However, drug regimen changes would not be without cost; they require additional clinic visits for consultation with the prescribing provider and monitoring to ensure effectiveness. Cost and benefit decisions based on potential change in side effect profile and a difference in price for each drug also need to be considered. Changing stable medication regimens may be challenging especially when the patient experiences great benefit from a given agent. This speaks to the multidisciplinary complexity of treating obesity [33] .
Our study shows that there is a strong association between provider-prescribed medication and weight loss after LSG. While it is tempting to infer that adjusting medications may improve weight loss outcomes after bariatric surgery, this study does not address this question. A prospective study that replaced obesogenic medications with leptogenic alternatives preoperatively, when possible, is one way to address the potential impact of obesogenic agents while still treating and managing the indications for these medications. Ultimately, we want to know the contribution of obesogenic drugs to poor weight loss outcomes and weight recidivism after bariatric surgery and whether altering these regimens to be entirely weight neutral or leptogenic would result in more robust weight reduction.
Since our study is a retrospective cohort, it has certain limitations. The data are only suggestive that obesogenic medications may impact weight loss outcomes post-LSG but do not prove the relationship is causal. We used data from records that were not designed for the study, and, although we have information about prescriptions given to patients, we do not have data about patient adherence to the prescribed regimen. Furthermore, it is possible that prescription records may be incomplete and that some patients were prescribed medications, including obesogenic ones, from sources outside of the UCSD healthcare system and not recorded in the electronic health record. However, it is important to note that these factors would all bias the results against our hypothesis. In addition, we have no information about other factors that could affect weight loss, including diet and exercise data for the patients. We also had no data documenting the severity of the comorbidities among our patient population. As such, we have analyzed our data in an agnostic manner and found that regardless of treatment status, individuals exposed to obesogenic medications had worse weight loss outcomes compared to individuals with the same comorbidity and treatment status who were not exposed to obesogenic medications. A recent population-based cohort study showed that certain classes of antidepressant medications (see Table 1 ) may be associated with weight gain based on the strong temporal association between when patients initiated them and their weight trajectory [34] . Our results suggest that these obesogenic antidepressant medications may also dampen weight loss results. A prospective study will further confirm if our results stem from a complex interaction of comorbidities and obesity, or from the obesogenic medication themselves. The study is limited by the high loss to follow up rates that are common among bariatric surgery studies [35] . Importantly, the LSG population, both in general and in our study, is predominantly Caucasian and female (81% Caucasian, 78% female). It is unclear whether male patients or those from other ethnicities would have similar responses to obesogenic medications.
The role of prescribing practices contributing to the growing obesity pandemic should be more closely examined. The most recent report from The National Center for Health Statistics show that the U.S. life expectancy has fallen for the first time since 1993 [36] . Obesity is a major modifiable risk factor for five of the top ten leading causes of death in the U.S. (i.e., heart disease, cancer, stroke, diabetes, and kidney disease) [36] . Any intervention that can reverse the prevalence or prevent the incidence of obesity, even in a small percentage of the affected population, should be closely investigated since it can have significant public health implications. Our study shows that prescriber behavior is affecting obesity-treatment results. It is unclear whether prescribed obesogenic medications play a similar negative role in other obesity treatments such as behavioral interventions or pharmacotherapy. Further study is needed to identify practices that could be affecting weight loss outcomes as there is potential to improve not only LSG outcomes, but also reduce the deleterious effects of obesity on other surgical procedures.
